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1. ln~oduefion 
We are app,Ioact~g the probtem of isolating ~echqc 
mRNA* molecules by ~he use of a synthetic deoxy- 
fibo-ol~gonueleo~ide, complementary .~o a portion of 
the  naSA,  covaTlenfly at tached to a so l id  support. 
TMs will be used to i~olate the m~A by hydrogen 
bonding spe,ificaaty to the c~mplemen~ary iegi~n. 
:Considerable eMdence derived from model studies 
using synthetic deoxyNbo-ollgon~e]eofides a~ached 
to ce~llM,ose uggests fllat this approach ~ legible w~th 
short olSgonucleofide~ with2m the zmage of  eheznieat 
~ynIhe~is [1, 2]. P~rely ~tmis,tical considerations pre- 
dic't thaC an o~gonuc]eofide, 9 or !t0 residues t,ong, 
r~hould be ~mique in a mo]ecu]e ~Jae size of  the T4 
gen,o:me @ 2 X lO  S base  pai~s)  [1,  3] .  A l so  ~appo~t~ag 
thi~ idea ate ~he observations ofW~ fllat d¢oxyfibo- 
o~gonuc]eof ides  as  s]aorl a~ a nonanl~e~eo~de ~ar4~ be 
specifically hybridized to phage genomes, e.g., the 
cohesive nds of  phage A ~4] or phage 18.6 [5]. How- 
evei, efficient and ~pecific binding to a very ]ong ~fin2p:~e 
stranded znolecule may be eonaplica~ed by *.be presence 
,of self-complemenlary sequ.ene.es and the larger number 
of  potential .~t, es mud may require the use of  l.onger 
oli gonucleofides. ]t has been repo~ted fllat ~n hybfidiza- 
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tion of  shor~ comp]en~entavy o~gonuc]eofides ,o s'mgle 
s~zands of ¢89 psu~i ! DNA a heptadecmnac~.eotifle could 
be spe~fically bound to Jibe r-strand of  the DNA. ]t 
has been sugges~efl ~hat ~he base sequence of  the ofigc~ 
nucleo~i.de plays a large part in detennimng the shortest 
o~gonuet]eo~ide wbAeh ~ bind effecfi~eay [6]. We 
have focused our eSfo~s on the mR_NA for ]y~.~e 
,from T4 ~ha~ the weak of  St~¢i~hag~r v~ aL [7, 8] on 
the amino acid sequences oflysozymes flora a variety 
of ~rme-~] ' i  rnutmats has deFaned a tract of ab~u~ 2D 
nuc]eot,~des "m tiffs mRNA. 
We have synthesized a series of oligcnueleot,kles up 
~0 a dod~an~¢]e0dd~ ¢ompmemen~m7 to a part of ~his 
re~aon and h~.ve examined ~their hybridization to 1"4 
spec;~ac RNA and to ;sin#e s~rands of T4  DNA.  The 
t~s-aits ~gges* ~a~t the  dodec-mau~]eodd¢ ca~ bind 
st3ecific~y ~o ~ts compb,a~en~my sequen~:e on a ~ong 
sha~e stranded nuelN aei~ mad shou]d ~erefore be 
useful ha isolation ot" ,]ysoz~ae mRNA. 
2. Materials and methods 
2. i .  Ch eraieMx 
DeoxyrJbonuc]eo~de 5 ~-ph~ osphat,~.s' were obtained 
f~om Raylo ~:he~c~Ag, ~Eflmonton, ~Yi'bert~. All other 
chenfic~Is were reagen~ grade and wer~ purified exxen- 
sive]y before use. 732p ATP :(s!~cific activity > 2'[3] 
retool) was,  "~ainefi fr.om N~w Englm~d Nuclear Corp. 
T4 polynu,fleDfide kLuase was the_~ft of  Dr. R.C. Miller, 
other .enzymes w.el¢ from P .L  Bkmhemicals. Phag~ 
stocks were ob*ained From Dr. B.D. Hall and RNA 
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r ig. 1. ~elae~nafie ~cp~cscnla~on of ~2~ eh~rni~-al zy~a~t3ae~s 
~of ~orne o]ig,onu~leo~d,es ~nmp~eme:ata:r~ t,o T4 lysozyarae 
~RNA.  
prepared from ~. con 13 infeet,ed w i~ T4 aeq or the 
lysozym.e ,de}orion autan~ 1G223 was the g~ft .of Dn 
E.T. Young, both of fide Universi,W of Wastg.nglon, 
Sealfle. 
2.2. S ynz~.esis o f  a dod, e.canu.eleotMe 
The dode.canu.cleo~ide dpT--G--G--A--C--T--T--T-- 
T--T--G--T ,(XI1) mad the heplanu~]eo~de dpA-C-  
T -T -T -T -T  (VII) and n,on~nu,c,]eofid~e dpA-C--T-- 
T--T--T--T-G--T ,(IX) were synthesized by the ,melh. 
.ods .ofKh, orana ~t al. Th,e.se procedures have been ex- 
lensively r,epolted 19]. A similar o'2igor~uel,e,atid,e c ,orre-  
spondhag, insT,ead of,complementary, to this re#on of 
lhe lysozyna, e gone .of T4 has ':been syntlaesiz.ed using 
sligh',tly different methods by Naran:g etal. [!0], The 
z tra,tegy of ,the synflaesis ~h,own m fig. 1. 
2.3~ Labelling o f  oligont~:cleoZides with 321a 
The "terminal 5'-phosphate .group was .removed from 
Ihe oligonucieotides by ~K colt alkaline phosphatase 
and the 5' termini ~.eph0spho.rylated with 732P-ATP and 
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T4 polynucleo!ide kinase using rise a-neflaod ,of Richard- 
son [11]. Oligonucleofi, des VII, XI and XII in fig. 1 
were  labe l led  in  thSs way .  - 
2.4. }separatiOn ant] slrand separal;'on ,of phage DNA 
High ti~re phage ~tocks, grown .on K .colt B in M9 
Inineral ~a~l a~edJum ~npplemen'ted wi,fia :tryp~ophan, 
were puritSed by  sedim_en~adon ~ax,o~gh N--~-0% ~acrc-se 
gradients. The phage DNA strands were separated by 
fide (U, G) binding ~e,ehnique It2]. 
2.5. Hybricliza~on o,f syntheIic oligcmueleo~ides ,Io 
DAtA grid ~V~ in :~oZm~_o~ 
The RNA use~ in ,these xperiments was isolmed 
from rE. noIi B infeeled for 20 rain w i~ T4 or ~e 
lysozyme deletion ~ulant ,G223, ~ was noI further 
fraetionated. Typacal hybfidizat,~on solutions contained 
lOO ,/~g ofRNA ~nd 1 pmo~e pf ]~be]]ed o~go~,uc]eofifle 
in 0.5 hal of 70 znM sodium c]al~rSde~ 70rnM pol~assium 
ph,osphaae pH 7.0. The mix.re: was heated to 65~,C 
for 5 rain then ,cooled 1o 3 9%C ~md ineubai.ed overni~I. 
The ~amp]e wa~ applied to a c o],vmn of Sephadex 
,G-50 (27 em.X 0.9 cm) mad elv~ed a~ 25"C with the 
buf£er.  1 rnl  F rac* ions  were  ~olle-c~e~ and added ~o 
5 ml of water and fl~e 32p measured by i~ Cerenkov 
radiation [13]. 
Hybridization to T4 phage DNA strands was per- 
formed in 0.5 ml of 0.15 M sodium chloride. 0.015 M 
~dium citrate, pld 7.0 {NE'C). Varying amoxm~s of 
labelled ,oligormcleotide w re hybridized to 5 ~g ali- 
q~u0l.S of  DNA for I6 hr, aI tempelatUre~ be~we.en ,0°C 
and 45°C before be,~ng separated on columns of  
Sephadex G-100 ,(27 em X 0.9 era). 1 ml Frac~5.ons 
were .collected, added t,o 5 rnl of water mad the 321:, 
m,eastar.e.d by its Cerenkov radiation. 
2.6. Hybridiza¢ion o f  ?abeiled ,oligonucleotidcs ~o DNA 
immobilized on nigocellulose filters 
DNA strands were 5aaam,obi]ized on ~l~II~pore HA '~ 
(5 vg DNA per 25 ham disc). Hybridization "was carried 
out byfide method of DenJ~atdt I14]. The hybridized 
filte~s were finally dried .and the 32p measured in a 
PPO-POPOP-toluene seLnfillafion .fluid. 
L 
3; Resu l ts  and dlseussion - 
The ~esuKs from 'the hy~lr ld!Zatlo~ o~ oligon~deo- 
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~ig. 3. ~yb~afliza*i~n of ~-%~P-aa]b~llefl do l, cm~uclvo~Sv to 
sin#e DiqA ~ranflz ~za solution, In *he expefirnent~ ,awn 
5 ~g o£ DNA and 4.0 prod o!  ol~gonue~-evfifle w re hyb~zed 
at 45°C :?~z 16 hr. 
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l::ig. 2. Hybr~dizagon ~m ~o]u~on o~" z:P-lab~llM oli)on~Cl)O- 
~LidreX "~0 ~NA preparations froa~a T4 in/~.~ted ~. coi l  C.on~flom 
were as dcsvHbed under ~ le f ia l s  and ~ethods .  
~des t,o RNA p~epar, afions, as ~'nown ~n fig. 2, d:~sp]zy 
ma ~nteres~:]ng : radation ~ ~fSect;s. As .~Xpe~'eld ~O 
hyb~dization at a]] was de*,ected wiflx the h,eptanuc]eo- 
tide ~I  under ,the conditions employed. Under ?21,e 
c-ame clonct~tion~ ,the nona_uucle,otide iX sh~w,ed some 
bindh~g both to ERA from E. eol i  infect.ed v~th w~d 
type "/4 and to :RNA f~n~ .E. ~oli infected with the 
"/4 lnutao ~ ~,~i5 :lac ,]~An:g almost the .-en.~ire l~,$rO~mc 
gen,e. This suggests that some ~it,e outside the ]ysozyme 
gene is binding ithe-ol~gonuc]eoi~]e. In a ,ontzol experi- 
m~nt (not shown) ~ from aninlect,ed A. csl~ bou~8 
an :ms~can~ amount of radioactivl'~. Th~ dodeca. 
nucleofide, XiI. showed considerable b lu ing  ~o bo& 
]~2gA pzepava~:ons b~ sho~ed a ma~k.ed preference 
fo~ ~e ~:i]d t"]pe ~A.  T~ ]R2qA ~etmed to bind 
Se~e~ ~ m. mo~e o l~nudeot~f l le  ~-~ W~U)f l  be  eX"  
petted ~(abo~ 5.$ pmo]],Vg tolal RNA) .on flae ba~s o f  
~s~maa~,vs v f  ~he ammoun~t of ]ysoz~ne mRi~A p~vs~nt in 
~he t~epara!ion (about I pmo]/mg ~o~a~ R}~A). Hov,.,- 
.eY.el, unte,l~fi~,fie~ in this _kind o! vstimatinn mak,~ ,~t 
d~Fficuh Io quan.gSa~e these da~a ae~u~a~e]y. 
The use ,cfpu~fiefl in~ac~ DNA s~r~m0s ~nab',es a 
mo~¢ at,curate ~de~ o~ the amoun~ o f  b~md~ag to be 
obtained. Typ~c~l ~esu!~s f~om DNA hyb~ d~za6om are 
r;h~nvn in B g. 3. T~o IP.~jO:r COnn]USIDn~ van be ~lrawn, 
fi~stl:v flaat the cli:rn?cle,~+i~e ',~ind ~ p~,efe~en~a]ty ~o 
~ae ~ s~rand a'.; ::vfir',:5 P,,y G~.h:: and Szybals~-k5 ~32]. 
T~z ~s as e~?~:ted ~ince ]y~0rym ernR~, ~A ,~s known 
to be tzansc~h ~d ~rom the L strand I~3]; t&us ~e 
JO] 
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F,Jg, ,4, Hybridization of B~P-labe~efl ,fl~de~anucleotid.¢ ~o 
DNA ~t~ands £.rom "wSld ~type T4 ,acq on ni,ts,oeeItulose tT,alt, e~s. 
E.,~cla filt, e~ caned 9334 prnol o.£ DNA s,tran~t. 
sequence of the d igonudeoI ide is the s,ame as the L 
s~ran,d :and ~ou6d ¢omp6emeni 1h,e H BIr~nd, Secondly, 
bolh DNA strand~ of the de]eft.on mutanl  G223 are 
eq~fi~alem Jn/hal daey bond only zma]] amounts of ,the 
o,ligonuc],eol~de maggestLng ~ha~ the si~e of binding is 
within ~lae aysozyme :~n=. 
The amount o f  .oli,gonueleo~ide bound ~,o a DNA 
zlrand when the bind2n.g si~e is ~a~ura~ed can be d,el.er- 
m~ned by solution hybridiza'tlon using inere,a~ing 
arnoums of ol~gonuc]eolide. "~hi~ is more conveniently 
,done, however~ by use of  ~e  ~flter hyb~idLxafion 
-technique. In  f~g. 4 are shown ~e resul*s ,of ~ sainte-  
d,on exper iment  in whi~:h/alters ,carry~g separated 
strands of wiId ~type ,'I"4 DNA were ,challenged with in- 
creasing ,amounts .of l'ab,elle,d ,odeeanu~leotide. As ha 
the case o f  the solution hybridizations ~her,e is a marked 
preference for binding to ~.e ,t-I Strral'ld. This binding 
seems 1,o level ou,~ ~ ~b,out 9.B9 pmo] cff n,ucleofi6e 
bound ,Io 0.04 pmol of DNA. This }s more ,than twice 
the theoretical ~glalue for st ciehiometz~e bi~d~ng, how- 
.ever, i f  the L ,strand figures are used as a blan_k and 
. mbt/acted, a "¢alue dose-to ~.he prediqted one is 'ob-_ 
taSned. Denhardt's method utilizes .3 N SSC as ~¢.lae ~of  
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vent re= iayb.yi.dLzafi.on, it w, ould be in~te.resfin/~ ;to repeat 
these saturad,on experlments ~a~ ]ow,er sa]I ,eoncenlm- 
aions to see th.h ,effecI~ ,of this on the d,e~ee ,of binding 
at salallafion. I~xperkn, ents a~e in progress ~da DNA 
/ tom other lysozyme mutants havhng ~lightly altered 
base sequence in Ihe mea of ff~e synth,eiie dod,e,c,anu- 
cte:0tide. II is hoped 1hal ~e~e will d dT.,ne more exactly 
the zpecifieik~ o f  the hybAdizzfion. 
From these resuD.s i~ seeyn sthst  a sp~.cific interae- 
don  can be  oblained between the syn,fla, eti,c dofleca- 
nue]eofi,de and T4  ,]ys.ozyme mRNA or T4  DNA 
s~rand~. Thercfu;~ R is reasonable to suggest tha~ using 
this ,olig.onue]eolide on an m~o]ub]e suppor~ I I ,  2] a 
method could be developed for the isolation of'l"4 
~ysozy~ne ~ A .  
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